Skincare cosmeceutical products, such as anti-aging moisturizers, have been shown to address intrinsic and extrinsic aging and reverse signs of aging. For example, a 12-week clinical usage study was conducted on a multi-ingredient anti-aging facial moisturizer to assess the long-term efficacy in reducing the signs of aging of the facial skin. 10 Data showed a statistical significance in fine lines, wrinkles, clarity and brightness, visual roughness, tactile roughness, evenness of skin tone (redness), evenness of skin tone (hyperpigmentation), and overall appearance after 8 and 12 weeks of use compared to baseline, evaluated by a clinical grader.
Microneedling is a cosmetic procedure gaining popularity as it has been clinically shown to address both intrinsic and extrinsic skin aging. 11 This cosmetic procedure is minimally invasive and utilizes fine needles to puncture the skin creating micro-wounds which induces the release of growth factors and induction of collagen and elastin production. [11] [12] [13] Recently, Gold and colleagues investigated using radiofrequency (RF) microneedling in treating wrinkles and skin laxity of the mid and lower face. 14 The investigators evaluated EndyMed's treatment platform with the Intensif™ applicator (EndyMed, Caesarea, Israel). The applicator contains an array of 25 non-insulated gold-plated microneedles, which allows for RF energy to be emitted over the whole needle length. An advantage to this microneedling platform is effective coagulation resulting in minimal or no treatment of bleeding. 12 This multicenter study showed significant wrinkle reduction, skin tightening, and lifting of the mid and lower face. Similar studies with RF microneedling have demonstrated skin rejuvenation with minimal downtime, an advantage over invasive procedures. 15, 16 As RF microneedling procedures continue to increase in popularity, further data is needed to properly support the use of a skincare products pre-and post-procedure. It has been predicted that skincare prior to procedure "readies the skin, enhances metabolism for the trauma that is coming, revs up the machinery for repair, and adds the nutrients needed for repair." 9 It is hypothesized that pairing an anti-aging facial moisturizer with RF microneedling following a detailed skincare regimen should produce enhanced and optimal results both on a short-term and long-term basis to the patient. Additionally, although RF microneedling disrupts the barrier, the patient should tolerate the procedure-pairing study with minimal side-effects.
The primary goal of this clinical study was to evaluate the tolerability and safety for use of a multi-ingredient anti-aging moisturizer pre-and post-RF microneedling procedure. The secondary goal was to evaluate the improvement and conditioning of the facial skin using a multi-ingredient anti-aging moisturizer for two weeks of twice daily use prior to RF microneedling procedure and for four weeks of twice daily use post-RF microneedling procedure.
| PATIENT AND ME THODS
Sixteen patients were enrolled in a six-week, efficacy and safety open-label, single-site prospective Institutional Review Board (IRB) approved clinical study. One patient dropped out of the study due to treatment unrelated reasons. Fifteen patients (15 females) aged 37-60 years (average 51 ± 6.4) with Fitzpatrick skin types I-IV and with mild-to-moderate wrinkles completed the study, Table S1 .
Patients were enrolled after meeting all inclusion criteria and none of the exclusion criteria and providing informed consent.
Inclusion criteria included healthy female, aged 35-60, with mild-tomoderate wrinkles, Glogau Grade II or III, and Fitzpatrick Skin Type I-IV. Some of the exclusion criteria included patients which had recently experienced excessive facial exposure to sunlight or artificial UV light, had any invasive or non-invasive skin treatments, and filler or toxins performed in the treatment area within 3 months.
A two-week run in of the, DEJ face cream® (Revision Skincare ® , Irving TX), multi-ingredient anti-aging face moisturizer simultaneous to the washout period of all facial creams was performed.
K E Y W O R D S
anti-aging, cosmeceuticals, facial moisturizer, microneedling, radiofrequency, skincare
Patients were instructed to stop using topical astringents and abrasives for one week, antibiotics on the face for two weeks, retinoids including retinol on the face for two weeks, and glycolic or lactic acid for two weeks prior to the procedure. In addition, Gentle
Cleansing Lotion, Revision Skincare ® , a non-medicated gentle cleanser was dispensed to be utilized during the study. Lastly, when excessive sun exposure was unavoidable, patients were directed to wear appropriate protective clothing and to use sunscreen lotion with SPF of 30 or higher.
Patients were instructed to apply the DEJ face cream® evenly to the face twice daily, once in the morning and once in the evening, two weeks prior to RF microneedling procedure, approximately twenty minutes after the RF microneedling procedure, and for four weeks post-procedure with twice daily application. Patient visits to the testing facility occurred at baseline (Visit 1), week 2 (Visit 2), week 4 (Visit 3), and week 6 (Visit 4). At Visit 2, RF microneedling procedure was performed and all assessments were conducted preand post-procedure. Patient diaries were collected at each visit and reviewed for compliance and comments.
| RF microneedling procedure
All 15 patients were treated with Endymed Pro, Intensif™ applicator (EndyMed Medical, Caesarea, Israel) by a licensed and trained medical aesthetician. Prior to RF microneedling procedure, each patient was evaluated visually to determine skin relevant parameters and clinical photograph images were captured. Topical anesthetic cream was applied on the treatment area prior to RF microneedling.
Before application of the anesthetic cream, patients were instructed to wash their face thoroughly with lukewarm water and a cleanser.
A test spot was performed in the treatment area prior to initiating the treatment to ensure patient tolerance. Table S2 summarizes the setting parameters, energy, and needle depth, for each patient for treatment of the forehead, periorbital area, cheeks, and perioral area. Table 1 summarizes the average needle depth (mm), average RF energy (Watts), and average pulse duration (seconds). The average needle depth (mm) in the forehead, periorbital, cheeks, and perioral area is 1.3 ± 0.1, 1.2 ± 0.1, 2.4 ± 0.1, and 1.3 ± 0.1 mm, respectively.
The average energy (Watts) in the forehead, periorbital, cheeks, and perioral area is 13 ± 0.5, 12 ± 0.5, 14 ± 0.5, and 12 ± 0.9, respectively. The average pulse duration (seconds) in the forehead, periorbital, cheeks, and perioral area is 110 ± 0.0, 110 ± 0.0, 110 ± 0.0, and 110 ± 0.0, respectively.
During the RF microneedling treatment, two passes were performed on each patient. Immediately after RF microneedling, clinical evaluation, tolerability assessment, clinical photography, and patient evaluation questionnaire were performed. After these assessments were completed, patients were asked to apply DEJ face cream® before leaving the office, approximately 20 minutes post-procedure.
| Clinical evaluation
Clinical evaluations of each patient were conducted during all visits by the investigator. The investigator, a licensed dermatologist, was responsible for assessing photodamage using the Glogau Wrinkle Scale, full-face global skin attributes, and full-face objective tolerability. The Glogau Wrinkle Scale is a four-point scale, Type I (no wrinkles), Type II (wrinkles in motion), Type III (wrinkles at rest), and
Type IV (only wrinkles).
Full-face global skin attributes included radiance, skin tone, skin visual smoothness, skin texture, skin redness, skin dryness, and overall appearance assessed on a five-point grading scale. A summary of each attribute and grading scale is found below:
• Radiance: Score 0 = dull skin, Score 4 = Glowing Skin 
| Clinical photography
Digital photography was taken to document each patient's condition at Visit 1, Visit 2 (pre-and post-procedure), Visit 3, and Visit 4.
Three digital images were captured, full face, right side 45 degree, and left side 45 degree using a digital mounted facial imaging system (Omnia Canfield Scientific). Photographs were taken under standard settings such as distance, angle position, background, and lighting at each visit. Photographs were taken prior to any product application on clean and dry face.
| Patient evaluation/questionnaire
Concerning safety and tolerability self-assessment, patients were asked at each visit if they were experiencing stinging, tingling, itching, and burning. A five-point scale of zero to four was implemented to document patient experience, zero denoting none and four denoting severe.
A sponsor-provided efficacy questionnaire was completed at Patient level of satisfaction was evaluated using a six-point scale (3, 2, 1, 0, −1, and −2). Table S4A provides the scales used to evaluate patient satisfaction and the related output of answers. The Friedman test for repeated analysis was used to measure the variation of answers to corresponding questions at Visit 4, and Table S4B ,C shows the results of the patient level of satisfaction.
| Statistical evaluation
All data collected were analyzed using the Friedman test for repeated analysis as well as the Wilcoxon signed rank test for non-parametric statistical analysis. Investigator assessment of photodamage and patient self-assessment questionnaire were analyzed using the vs. 60%, scored 2 at Visits 3 and 4 compared to Visits 1 and 2, respectively, Table 2A . The data in Table 2A suggest a trend toward improvement in photodamage with later visits. These results were supported by running a Wilcoxon singed rank test to compare median scores between visits, Table 2B . Analysis was performed from baseline (Visit 1) to post-baseline (Visit 2, 3, and 4) scores.
Although the P values were not statistically significant between Visit 1 vs Visit 3 and Visit 1 vs Visit 4, the data suggest a trend in photodamage improvement.
| Investigator global assessment
The investigator evaluated the improvement and conditioning of the face after patients used a multi-ingredient anti-aging facial moisturizer twice daily (morning and evening) for two weeks prior to RF • Radiance: An improvement in the distribution of score of 3 was statistically significant (P = 0.0005) at Visit 4. Specifically, 80% of the patients scored 3 at Visit 4 compared to 19% at Visit 1, a 4-fold improvement compared to baseline.
• Tone: An improvement in the distribution of score of 1 was statistically significant (P = 0.0010) at both Visit 3 and Visit 4.
Specifically, 73% of patients scored 1 at Visit 4 compared to 6% at Visit 1, a 12-fold improvement compared to baseline.
• Skin Visual Smoothness: An improvement of score of 1 was statistically significant at both Visit 3 and Visit 4 (P = 0.0002).
Specifically, 87% of patients scored 1 at Visit 4 compared to 12%
at Visit 1, with a 7-fold improvement compared to baseline.
• Skin Texture (Tactile): An improvement of score of 1 was statistically significant improvement at both Visit 3 (P = 0.0020) and Visit 4 (P = 0.0002). Specifically, 87% of patients scored 1 at Visit 4 compared to 12% at Visit 1, with a 7-fold improvement compared to baseline.
• Redness: An improvement of score of 1 was statistically significant at both Visit 3 and Visit 4 (P = 0.0195). Specifically, 73%
of patients scored 1 at Visit 4 compared to 19% at Visit 1, with approximately a 4-fold improvement in redness compared to baseline.
• Dryness: The best score to be achieved is a score of 0, smooth appearance. Specifically, a statistical significant improvement in this score was achieved at Visit 4 (P = 0.0024). 27% of patients scored 0 at Visit 4 compared to 0% at Visit 1. Also, 67% of patients scored 1 at Visit 4 compared to 19% at Visit 1. There was one patient (7%) who scored a 2 for dryness, but compared to 75% at Visit 1, majority of patients shifted to better dryness scores with statistical significance at Visit 4.
• Overall Appearance: An improvement of score of 1 was statistically significant at both Visit 3 (P = 0.0156) and Visit 4 (P = 0.0020).
Specifically, 67% of patients scored 1 at Visit 4 compared to 10%
at Visit 1, approximately a 6-fold improvement.
| Investigator objective tolerability
Following each visit, including Visit 2 (pre) and Visit 2 (post) RF microneedling, the investigator assessed the full face for tolerability parameters including erythema, edema, dryness, and peeling on a five-point scale, Figure 2 . Figure 2 shows the distribution of scores among visits for each tolerability attribute. At Visit 1, baseline, all scores were "0" or "none" to the tolerability parameters.
Differences in scores compared to Visit 1 were not significant for all parameters at Visit 2 (pre). The scores between Visit 1 and Visit • Erythema: 33% of patients scored 3, 47% of patients scored 2, 7% of patients scored 1, and 13% of patients scored 0 at Visit 2 (post). There were no patients that scored 4, indicating severe conditions.
• Edema: 40% of patients scored 1 and 60% of patients scored 0 at Visit 2 (post). There were no patients scoring 2, 3, or 4 post-microneedling.
• Dryness: 100% of patients scored 0 (none) at Visit 2 (post).
• Peeling: 100% of patients scored 0 (none) at Visit 2 (post).
At Visit 3, there is an improvement in the distribution of scores for erythema. Specifically, at Visit 3, 13% of patients scored 1 and 87% of patients scored 0. Complete resolution for edema was observed at Visit 3, with 100% of patients scoring 0. In the case for dryness, at Visit 3, 40% of patients scored 1 and 60% of patients scored 0.
Complete resolution of erythema was not achieved at Visit 4, as 1 patient (7%) scored 1. However, complete resolution for dryness was achieved at Visit 4. Interestingly, at Visit 4, 1 patient (7%) scored 1 for peeling. For all tolerability parameters, differences were not statistically significant, indicating by the end of the study most patients scored 0. Details on the scores received for each skin attribute made by the clinical investigator can be found in the supplementary information, Table S5 .
| Clinical photography

| Patient assessment
| Patient tolerability assessment
Following each visit, including Visit 2 (pre) and Visit 2 (post) RF microneedling, patients were asked to rate tolerability parameters including stinging, tingling, itching, and burning on a five-point scale. At Visit 1, baseline, all patients responded "0" or "none"
to the tolerability parameters. The Friedman test showed that for stinging, tingling, and burning, the median scores throughout the visits were not equal (P < 0.0001) while for itching, they were equal (P = 0.5578). The next step was to compare individual scores (Visit 2 (post), Visit 3, and Visit 4) with the Visit 2 (pre) score using the Wilcoxon test. Table S6 shows that for Visit 2 (post), differences in scores compared to Visit 2 (pre) were significant for stinging, tingling, and burning and not significant for itching. The blank cells represent P values that were identical in visits being compared, and therefore, P values were not calculated. For Visits 3 and 4, differences from Visit 2 (pre) were not significant for all attributes. were most pronounced at Visit 2 (Post) and were resolved by Visit 3, while itching scores were not significant across the visits.
• Stinging: 13% of patients scored 0, 27% scored 1, 47% scored 2, and 13% scored 3 at Visit 2 (post).
• Tingling: 20% of patients scored 0, 53% scored 1, 20% scored 2, and 7% scored 3 at Visit 2 (post).
• Burning: 27% of patients scored 0, 60% scored 1, and 13% scored 2 at Visit 2 (post).
• Itching: 93% of patients scored 0 and 7% (one patient) scored 1 at Visit 2 (post).
Itching occurred in a single patient at Visit 3 (7% of distribution).
No patient scored a 2, 3, or 4 (severe) at Visit 3 and Visit 4.
| Patient self-assessment questionnaire
At the end of the study (Visit 4), patients were asked to answer a sponsor-provided self-assessment questionnaire, refer to Materials and Methods section of the paper, and ranked using a five-point scale. Improvement in facial skin features results (brightness, tightness/firmness, redness/blotchy, texture/smoothness, pigmentation, and overall improvement) at Visit 4 can be found in Table S3 and Figure 6 . Figure 6 shows the greatest improvement perceived by the patients was in overall improvement, followed by brightness, texture, pigmentation, redness, and lastly tightness.
Specifically,
• Overall Improvement: 13% of patients scored 2 and 73% of patients scored 1
• Brightness: 20% of patients scored 2 and 53% of patients scored 1
• Texture/Smoothness: 20% of patients scored 2 and 53% of patients scored 1
• Pigmentation: 13% of patients scored 2 and 53% of patients scored 1
• Redness: 13% of patients scored 2 and 47% of scored 1
• Tightness/firmness: 0% of patients scored 2 and 27% of patients No patient scored below 0 for any attribute.
Patient level of satisfaction of the combined test product and treatment was evaluated using a six-point score scale, Table   S4A . There was greatest variation in photodamage and wrinkle improvement, as shown by the IQR of 1.8, Table S4B . Patient satisfaction scores were the highest for comfort, followed by satisfaction, and photodamage and wrinkle improvement, Table S4C . No patient answered unsatisfied, uncomfortable or worse. 
Visit 4
The last question patients were asked: Would you recommend DEJ face cream®, to your family and friends? was evaluated using the scale; 0 = no, 1 = not sure, 2 = maybe, 3 = yes. The median score among patients was 3.0 with and IQR of 1.0. Sixty percent (60%) responded "yes", and forty percent (40%) responded maybe; no patient responded "no."
| D ISCUSS I ON
As both intrinsic and extrinsic aging lead to outward skin aging manifested as fine lines, wrinkles, skin roughness, and pigmentary changes, an anti-aging moisturizer which targets and reverses the damage is an unmet need. A topical anti-aging facial moisturizer formulated to ameliorate the symptoms of aging skin has been previously shown to be effective. 10 This multi-ingredient anti-aging facial moisturizer is a comprehensive, all-in-one facial moisturizer that contains ingredients which specifically address aging in the epidermis, dermal-epidermal junction and dermis.
In a 12-week open-label clinical study, statistical significant improvement was detected by an expert grader at 8 and 12 weeks of twice daily application of DEJ face cream®. 10 After 12 weeks of use, the following statistical significant improvements were determined:
• 100% of patients showed an improvement in fine lines with an average improvement of 25.1%
• 97% of patients showed an improvement in clarity and brightness with an average improvement of 22.6%
• 97% of patients showed an improvement in tactile roughness with an average improvement of 32.5%
• 89% of patients showed an improvement in evenness of skin tone (redness) with an average improvement of 79.1%,
• 100% of patients showed an improvement in overall appearance with an average improvement of 19.8%.
The results indicated that incorporation of specialty ingredients at efficacious levels produced statistically significant anti-aging results.
Furthermore, these ingredients were incorporated into the anti-aging moisturizer because of their potential to target the layers of the skin susceptible to both intrinsic and extrinsic aging.
The anti-aging moisturizer is composed of the following key ingredients: astragalus membranaceus root extract, 17, 18 tetrahexyldecyl ascorbate (THD), [19] [20] [21] ursolic acid, 22 a peptide blend of bioavailable peptides, 23 including palmitoyl tripeptide-38, a blend of pure ceramides, natural cholesterol, fatty acids, and jojoba esters, sodium hyaluronate, and ubiquinone. In the present clinical study, the multi-ingredient anti-aging formulation was enhanced to include a prebiotic ingredient, alpha glucan-oligosaccharide. The addition of this ingredient creates a robust, multi-targeted anti-aging moisturizer with the additional benefit of balancing and diversifying the skin microbiome. All other ingredients were maintained at efficacious levels. It has been documented that treatment of the skin with RF microneedling has a rejuvenating effect. [14] [15] [16] 24, 25 Dermal remodeling after RF microneedling was shown to produce new collagen, elastin, and hyaluronic acid. 24 Gold and colleagues demonstrated, after 3 months of three RF microneedling treatments a statistically significant decrease in wrinkle reduction was measured using the Fitzpatrick's wrinkle and elastosis scale, as well as, a 65% significant improvement in skin tightening and lifting measured by the GAIS score. 13 Therefore, it was hypothesized that pairing this enhanced formulation pre and post-RF microneedling, should produce enhanced and optimal results both on a short-term and long-term basis, while maintaining safety and tolerability to the patient.
In the current clinical study, the clinical investigator assessed photodamage of each patient at all visits using the Glogau Wrinkle Scale, Table 2 . It was determined that 80% of patients showed an improvement in the Glogau Wrinkle Scale at Visits 3 and 4 but the improvement was not statistically significant compared to baseline This indicates that RF microneedling caused skin irritation. At Visit 3, differences compared to Visit 1 can be seen for dryness. However, at Visit 4, differences in full-face tolerability were not significant for all parameters, illustrating skin irritation due to RF microneedling resolved. Throughout the study, there were no reported adverse events. As indicated by Gold and colleagues, mild-to-moderate erythema and edema were reported immediately after the treatment and recovery time was up to 12 hours. At the end of study (Visit 4), the greatest improvement perceived by patients was overall appearance, followed by brightness, texture, pigmentation, redness, and lastly tightness. Patients were asked to rate the level of satisfaction of the combined test product and treatment. Data analyses suggested that comfort level scored the highest F I G U R E 6 Distribution percent (%) of end-of-study selfassessed response to "How would you rate the level of change of various facial skin features in areas that were treated as part of this study?" Patients rated improvement in attributes including brightness, tightness/firmness, redness/blotchy, smoothness/ texture, pigmentation, and overall improvement on a 5-point scale. 5-point scale: 2 = improved significantly; 1 = improved slightly; 0 = no difference; −1 = worsened slightly; and −2 = worsened significantly followed by satisfaction and photodamage/wrinkle improvement, Table S4 . Furthermore, patients were satisfied with this study and would recommend this multi-ingredient anti-aging moisturizer 60% versus 40% whom responded "maybe". No patient responded they would not recommend the anti-aging moisturizer.
This clinical study positively supports the hypothesis that combining the multi-ingredient anti-aging facial moisturizer pre-and post-RF microneedling was safe and tolerable to the patients.
Patients can use this multi-ingredient anti-aging facial moisturizer up to the day of the procedure and post-procedure. Secondly, improvement and conditioning of the facial skin with this multi-ingredient anti-aging moisturizer was observed. The limitation of this clinical study was that a placebo or control arm was not utilized. It is unclear at this point whether the contribution of efficacy parameters is due to RF microneedling in combination with this multi-ingredient anti-aging moisturizer or due to RF microneedling alone. This understanding will be the subject of a future study. Wrinkle Scale, but improvement was not statistically significant between baseline (Visit 1) and end of study (Visit 4). Full-face skin evaluation was measured by the investigator at all visits and efficacy parameters included radiance, tone, smoothness, texture, redness, dryness, and overall appearance. Improvements in all skin attributes were statistically significant at the end of the study. Self-perceived skin attribute improvements were ranked as follows: overall improvement, brightness, texture, pigmentation, redness, and tightness. The combination of the anti-aging facial moisturizer and RF microneedling was comfortable for the patients and patients were satisfied. Data from this study point to the synergistic combination of using this multi-ingredient anti-aging facial moisturizer pre-and post-RF microneedling. 
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